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Adoptive T cell therapy, involving the ex vivo selection and ex-
pansion of antigen-specific T cell clones, provides a means of
augmenting antigen-specific immunity without the in vivo con-
straints that can accompany vaccine-based strategies. A phase I
study was performed to evaluate the safety, in vivo persistence,
and efficacy of adoptively transferred CD8� T cell clones targeting
the tumor-associated antigens, MART1�MelanA and gp100 for the
treatment of patients with metastatic melanoma. Four infusions of
autologous T cell clones were administered, the first without IL-2
and subsequent infusions with low-dose IL-2 (at 0.25, 0.50, and
1.0 � 106 units�m2 twice daily for the second, third, and fourth
infusions, respectively). Forty-three infusions of MART1�MelanA-
specific or gp100-specific CD8� T cell clones were administered to
10 patients. No serious toxicity was observed. We demonstrate
that the adoptively transferred T cell clones persist in vivo in
response to low-dose IL-2, preferentially localize to tumor sites and
mediate an antigen-specific immune response characterized by the
elimination of antigen-positive tumor cells, regression of individ-
ual metastases, and minor, mixed or stable responses in 8 of 10
patients with refractory, metastatic disease for up to 21 mo.

The identification of T cell-defined tumor antigens in mela-
noma has led to the development of clinical trials that target

cancer cells by augmenting the antigen-specific cellular immune
response (1). This approach has been pursued by vaccination
strategies, in which the antigens are presented in a potentially
immunogenic context to induce T cell responses or by adoptive
cellular therapy, in which antigen-specific T cells are isolated and
expanded ex vivo and then infused to increase the number of
effector cells in vivo.

Although some clinical responses have been observed in
vaccine trials, the magnitude of the induced T cell response has
been generally low or undetectable and has correlated poorly
with clinical responses. In contrast to vaccination strategies,
adoptive therapy strategies can overcome the in vivo constraints
that influence the magnitude and avidity of the targeted re-
sponse. T cells of a given specificity, function, and avidity for
tumor can be selected in vitro and then expanded to achieve in
vivo frequencies in the peripheral blood that are higher than
generally attained by current immunization regimens and are
consistent with levels predicted by murine tumor therapy models
to be required to mediate tumor elimination (2, 3).

In this study of adoptive therapy, we target the T cell-defined
melanoma antigens MART1�Melan-A (4, 5) and gp100 (6),
which belong to a group of tumor-associated differentiation
antigens expressed by normal melanocytes. Targeting such self
proteins overexpressed by malignant cells represents an increas-
ingly important paradigm in tumor immunology (7) but has
potential limitations, including the fact that normal tissues may
be recognized and injured. We report results of a phase I study

of adoptive T cell therapy using tumor-reactive CD8� T cell
clones generated from patients with metastatic melanoma.

Materials and Methods
Generation of MART-1 and gp100-Specific CD8� T Cell Clones from
Peripheral Blood of Patients with Metastatic Melanoma. All studies
using human subjects received prior approval by Institutional
Review at the Fred Hutchinson Cancer Research Center. After
informed consent, peripheral blood mononuclear cells (PBMCs)
were obtained and antigen-specific cytotoxic T lymphocytes
(CTLs) were generated as described by using autologous den-
dritic cells pulsed with the A2-restricted peptide epitope of
MART-1 (M27: AAGIGILTV) or gp100 (G154: KTWGQY-
WQV) (8–10). After three cycles of stimulation at weekly
intervals, T cells were cloned by and expanded for in vitro testing.
CTL clones demonstrating specific lysis of antigen-positive tu-
mor targets in a chromium release assay were selected. Clones
were expanded in 14-day cycles by using anti-CD3 antibody
(OKT3, Orthoclone; Ortho Biotech, Raritan, NJ) at 30 ng�ml,
irradiated allogeneic PBMCs, at 106 cells�ml, irradiated alloge-
neic lymphoblastoid cell lines (2 � 105 cells�ml), and serial IL-2
(aldesleukin; Chiron) at 25–50 units�ml every 2–3 days (11). All
clones were characterized as CD3�, CD4�, CD8� and expressed
the high-affinity IL-2 receptor (CD25) after antigen stimulation.

Adoptive T Cell Therapy. Ten patients were enrolled in a phase I
study of adoptive T cell therapy. All patients met the following
entry criteria: histopathologic diagnosis of metastatic (stage IV)
melanoma, age �75, no evidence of CNS metastasis and no
clinically significant cardiac, hepatic, or pulmonary dysfunction.
All patients expressed HLA-A2.

A total of four T cell infusions was planned, the first without
low-dose IL-2 and subsequent infusions (second, third, and
fourth) coadministered with increasing doses of s.c. IL-2 (0.25,
0.5, and 1.0 � 106 units�m2 twice daily for 14 days; Fig. 1).
Patients were monitored closely by physical examination and
serum chemistries for evidence of toxicity. Stopping rules in-
cluded the appearance of serious (�grade III toxicity by Na-
tional Cancer Institute common toxicity criteria). The dose of
IL-2 used is sufficient to saturate high-affinity IL-2 receptors in
vivo and, when administered alone, has no anti-melanoma effect
and minimal toxicity (12, 13).

Construction of Peptide–MHC Tetramers. Tetramers were made
according to the protocol of Altman et al. (14). In brief, human
�2-microglobulin and the soluble domain of the HLA-A2 heavy
chain linked at its COOH terminus to a BirA substrate pep-

Abbreviations: CTL, cytotoxic T lymphocyte; PBMC, peripheral blood mononuclear cell.
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tide were expressed in Escherichia coli and refolded together in
vitro in the presence of peptide and biotinylated. After purifi-
cation, tetrameric complexes were produced by mixing bio-
tinylated heterodimer with NeutrAvidin–PE (Molecular Probes)
at a molar ratio of 4:1. Tetramers presenting immunogenic
epitopes of MART-1 (M27:AAGIGILTV), tyrosinase
(T368:YMDGTMSQV), and gp100 (G154:KTWGQYWQV)
were constructed.

Analysis of Antigen-Specific T Cell Frequency in the Peripheral Blood
and Tissue Samples Using Peptide–MHC Tetramers. To evaluate in
vivo persistence of T cells in the peripheral blood, PBMCs were
prepared from samples drawn on days 0 (preinfusion), 1, 7, 14,
and 21 after each infusion and cryopreserved so all samples
could be analyzed simultaneously. At the completion of the
study, these samples were thawed, stained for 40 min at 22°C with
peptide–MHC tetramer-PE (25–50 �g�ml), anti-CD8-FITC,
and ‘‘dump’’ antibodies. Flow cytometric analysis was carried out
on a minimum of 50,000 cells. The frequency of antigen–specific
CTLs is presented as a fraction of tetramer-positive, CD8�

lymphocytes over the total number of CD8� cells. This method
detects with high specificity a frequency of antigen-specific T
cells as low as 0.05% CD8� cells (9, 15, 16). The median survival
of transferred T cells is defined as the day on which one-half
maximal frequency of tetramer� T cells persists.

Immunohistochemical Analysis of Antigen Expression in Skin and
Tumor Biopsies. Staining for gp100, MART-1, and tyrosinase was
performed by a peroxidase-labeled streptavidin–biotin method
on an automated stainer (Ventana Medical Systems, Tucson,
AZ). Paraffin tissue sections were mounted on aminoalkylsilane-
treated glass slides and heat treated to optimize antigen retrieval.
Immunohistochemical staining involved the sequential applica-
tion of primary antibody, biotinylated goat secondary antibodies,
and then peroxidase-labeled streptavidin. The antigens were
visualized by incubation with aminoethylcarbazole substrate in
the presence of hydrogen peroxide. Nonimmune mouse IgG in
place of specific antibody was used for negative control sections.

Results
Study Patients. A total of 43 T cell infusions were administered
to 10 patients with metastatic melanoma (Table 1). Five patients
received therapy with MART-1-specific CTLs (22 infusions
total), and five received gp100-specific CTLs (21 infusions total).
All 10 patients presented with stage IV disease. Patients were
enrolled and underwent leukapheresis before beginning con-
ventional therapy (chemotherapy, biochemotherapy, or high-
dose IFN) for treatment of metastatic disease so that T cell
clones could be generated in vitro and cryopreserved until
needed. Only after failing conventional therapy (as documented
by disease progression) did patients proceed to adoptive T cell
therapy.

Safety of Adoptively Transferred Melanocyte Antigen-Specific CD8�

T Cells. Patients were monitored for signs and symptoms of
toxicity, including autoimmunity, because MART1�MelanA
and gp100 may be expressed in normal tissues such as melano-
cytes. No grade III or IV toxicity was observed (National Cancer
Institute common toxicity criteria; http://ctep.cancer.gov/
reporting/ctc.html). Nine of 10 patients experienced myalgias,
fever, and fatigue, which began 4–6 h after T cell infusion and
resolved spontaneously within 72 h, symptoms consistent with a
cytokine release syndrome.

One patient, 1017-2, developed a targetoid erythematous skin
rash surrounding pigmented areas of skin on day 5 after an
infusion of MART1-specific CTLs and low-dose IL-2. Detailed

Fig. 1. Treatment schedule. Four infusions of antigen-specific CD8� CTL
clones are scheduled at 2-wk intervals between the first and second infusion,
and at 3-wk intervals for subsequent infusions given with a 14-day course of
low-dose IL-2. The IL-2 is administered s.c., twice daily for 14 days at 0.50, 1.0,
and 2.0 million units�m2�day for the second, third, and fourth infusions,
respectively.

Table 1. Patient demographics and clinical summary

ID no. Age Sex

Pretreatment status

Target antigen

No. of infusions

Toxicity‡

Response

Previous Tx* Disease sites† No IL-2 �IL-2 Type Duration§

1017-1 45 F IFN Skin, LN MART1 4 3 F, M Stable disease 21.3
1017-2 46 F Chemo Lu, LN, CW MART1 1 3 F, M, R Minor¶ 2.0
1017-3 50 F Bio-chemo, IFN Lu, liver MART1 1 3 None Progressive disease —
1017-4 55 M IFN Lu gp100 1 3 F, M Stable disease 3.6
1017-5 56 F Chemo Skin, LN MART1 1 2 F, M Stable disease 15.2
1017-6 53 F Bio-chemo Lu gp100 1 3 F, M Mixed� 6.8
1017-7 50 M Bio-chemo Lu, LN gp100 1 3 F Stable disease 14.7
1017-8 47 F Chemo, IFN Lu, BrPI MART1 1 3 F, M Minor** 15.3
1017-9 59 M Bio-chemo Lu, liver gp100 1 5 F, M Stable disease 7.0
1017-10 38 F Bio-chemo Lu, liver gp100 1 2 F Progressive disease —

49.9 13 30 10.9

The age, gender, pretreatment status, T cell regimen, toxicity, and clinical response following adoptive T cell therapy are summarized in Table 1. Overall, 43
infusions were administered to 10 patients with an average age of 50 (38–59). All patients presented with progressive disease following conventional therapy.
T cell-related toxicity was limited to fever and myalgias and a skin rash in one patient. Eight of 10 patients experienced a minor, mixed, or stable response, with
a median duration of 11 mo (2–21 mo).
*Chemo, chemotherapy; IFN, high-dose interferon.
†Lu, lung; LN, lymph nodes; CW, chest wall; BrPI, brachial plexus.
‡F, fever; M, myalgia; R, rash.
§Duration in months.
¶Decreased LN disease.
�Mixed response in lung nodules.
**Regain of brachial function, decreased�absent PET activity in disease site.
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analysis of this rash has been previously reported documenting
the accumulation of adoptively transferred CTLs accompanied
by destruction of MART1-positive melanocytes (9).

Assessment of in Vivo Frequency of Transferred T Cells. The in vivo
median survival of the transferred cells was determined by
measuring the frequency of transferred CTLs in serial samples
of peripheral blood of treated patients by using peptide MHC
tetramers. To affirm the sensitivity, and reproducibility of this
approach, the CTL frequency was also determined in the initial
3 patients, by another structure-based assay, semiquantitative
PCR with clone-specific primers designed within the hyervari-
able CDR3 region of the T cell receptor of the infused clone.
When either method was used, the T cell frequencies and the
duration of in vivo persistence represented by T cell median
survival were nearly identical (e.g., 6.66 vs. 6.84 days, Fig. 2).

In Vivo Frequency and Persistence of Infused CTL Clones Either
Administered Alone or Followed by Low-Dose IL-2. In our initial
study (protocol 1017.00) of 4 patients who received MART-1-
specific CD8� CTL clones alone, the median survival was �6.7
days (data not shown). To improve the in vivo persistence of
transferred CD8� T cells, increasing doses of IL-2 (0.0, 0.5, 1.0,
and 2.0 million units IL-2�m2�day) were coadministered with
the second, third, and fourth infusions (protocol 1017.01, Ma-
terials and Methods).

Among 10 patients treated in this study, analysis of a total of
13 infusions given without IL-2 demonstrated a pattern of T cell
survival that was characterized by undetectable levels preinfu-
sion and a peak T cell frequency on day 1 after infusion,
comprising on average 1.47% of total peripheral blood CD8�

cells (range 0.64–2.0). This increase was followed by a steady
decline to 0.48% (range 0.32–0.76) by day 7 and �0.01% by day
14. The median survival of CD8� T cells given without IL-2 was
6.68 � 0.93 days.

Analysis of infusion no. 2 among the 10 patients, which was
followed by 14 days of IL-2 (0.5 million units�m2�day), demon-
strated a similar peak on day 1 to an average of 1.52% of CD8�

cells, but, in contrast to T cells administered without IL-2, this
frequency was sustained at an average of 0.97% until day 14,
before falling to �0.01% by day 21.

With higher doses of IL-2 (infusions no. 3 and no. 4 admin-
istered with 1.0 and 2.0 million units�m2�day), no further
increase in peak T cell frequency or median survival over that

seen with the lowest dose of IL-2 was observed. Overall, analysis
of the 30 infusions given with low-dose IL-2 (0.5, 1.0, and 2.0
million units�m2�day) demonstrated a median survival of CD8�

T cell clones of 16.92 � 1.37 days (Table 2). Compared with the
median survival of infusions given without IL-2, the coadmin-
istration of low-dose IL-2 significantly prolonged T cell survival
in vivo (P � 0.001 by paired t test analysis). A representative
frequency analysis is shown in Fig. 3 for a T cell clone infused

Fig. 2. Analysis of T cell frequency in PBMCs after infusion of MART1-specific
CD8� T cell clones without IL-2. Two methods were used: semiquantitative PCR
analysis of a clone-specific CDR3 region (gel bands digitized and quantified
based on dilution standards 10�2 to 10�5) and tetramer analysis by flow
cytometry. The T cell frequency in both cases was characterized by a rapid rise
on day �1 after the infusion followed by a steady decline to nearly undetect-
able levels by day �14 and a median T cell survival in each case of �7 days.

Table 2. Analysis of 43 T cell infusions in 10 patients
(1017-1 to 1017-10)

Patient
Infusion

no.

Median T cell survival

Without IL-2 With IL-2

1017-1* 1 5.3
2 6
3 6.9
4 7.4
5 19
6 18.4
7 15.3

1017-2 1 6.6
2 15.6
3 16
4 17.7

1017-3 1 5.9
2 17.2
3 16.8
4 16.4

1017-4 1 7.2
2 15.9
3 18.3
4 17.8

1017-5 1 7.3
2 18.3
3 16.7

1017-6 1 6.3
2 14.5
3 17.6
4 18.4

1017-7 1 8.2
2 16.5
3 17.7
4 19.2

1017-8 1 6
2 14.3
3 16.9
4 15.1

1017-9 1 5.6
2 18.5
3 15.2
4 16.5
5 15.7
6 17.4

1017-10 1 8.1
2 16.1
3 18.7

No. of infusions 13 30
Avg. median survival 6.68 16.92
SD 0.93 1.37

Median T cell survival in vivo as determined by tetramer analysis for
infusions without IL-2 and with low-dose IL-2. IL-2 doses of 250,000, 500,000,
and 1,000,000 units�m2 were administered for 14 days, with infusions 2, 3, and
4, respectively (note exception for patient 1017-1).
*Patient 1017-1 was enrolled on the modified protocol using low-dose IL-2
after four infusions without IL-2.
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alone initially and then followed by 0.5 million units�m2�day of
IL-2.

Migration of Adoptively Transferred T Cells to Sites of Tumor. To
determine whether transferred T cells accumulated at sites of
disease, tumor samples (biopsies or aspirates) were obtained
from 3 patients (1017-1, 1017-2, and 1017-9) who had accessible
tumor sites both before and shortly after T cell infusions.
Representative results are shown for a core biopsy of a chest
wall�axillary mass from patient 1017-2 preinfusion and 3 days
postinfusion of MART1-specific CTL (Fig. 4). In the preinfusion
biopsy, minimal lymphocytic infiltration was present. Of this
infiltration, �5% were CD8� cells, and none were MART1-
peptide tetramer� (Fig. 4A). By contrast, in the postinfusion
sample, MART-1-specific CD8� T cell clones were found by

tetramer staining to comprise 37.7% of infiltrating CD8� cells
(Fig. 4B). Given a simultaneous peripheral MART-1specific
CTL frequency of 0.8% (Fig. 4C), these results are consistent
with preferential localization of CTLs to tumor. The identity of
these tetramer� CD8� T cells with the infused clone was
confirmed by comparing the sequence of the CDR3 region of the
sorted tetramer� T cells in the tumor sample with that of the
infused clone.

Clinical and Radiographic Response. All patients in this study had,
at the time of the first T cell infusion, progressive metastatic
disease refractory to conventional therapy. Adoptive T cell
therapy resulted in disease stabilization in 5 of 10 patients and
minor or mixed responses in an additional 3 patients for periods
up to 21 months (Table 1). Patient 1017-8, who experienced a
minor response, presented with a progressive right brachial
plexopathy secondary to metastasis, which manifested as right
arm pain and inability to abduct the arm above shoulder level.
After the second T cell infusion, these symptoms completely
resolved and full range of motion without pain was restored.
Patient 1017-1, whose pulmonary lesions stabilized after T cell
therapy, returned to 100% functional status from 70% at time of
study entry and full-time work as a nurse for a period of 1 year
after treatment. Patient 1017-6 demonstrated a mixed response
characterized by resolution of multiple pulmonary nodules and
the appearance of a single new nodule on computed tomography
(CT) scan (Fig. 5A). Patient 1017-2 experienced a minor re-
sponse with a postinfusion decrease in paratracheal lymphade-
nopathy (Fig. 5B). Historically, patients presenting with ad-
vanced melanoma failing conventional therapy experience
continued progressive disease and a median survival duration of
4 mo or less. Although the number of patients in this study is
small, the outcomes suggest a favorable progression-free dura-
tion (Table 1).

Appearance of Antigen-Loss Variants After Adoptive T Cell Therapy.
Recurrent or residual s.c. tumor nodules were analyzed for
expression of melanocytic antigens and compared with preinfu-
sion tumor biopsies. If possible, the identical nodule was assayed
pre- and postinfusion by fine needle aspiration or core needle
biopsy to eliminate heterogeneity of antigen expression among
different nodules as an explanation for observed differences.
Tumors from a total of 5 patients were analyzed.

Fig. 3. Analysis of T cell persistence in vivo after infusion of MART1-specific CD8� T cell clones without IL-2 (INFUSION #1) and with IL-2 (INFUSION #2). Peripheral
blood samples from patient 1017-6 were analyzed pre-T cell infusion (day 0), days 1, 7, 14, and 21 after T cell infusion without IL-2 (INFUSION #1) and with low-dose
IL-2 (INFUSION #2). Percentage of tetramer�, CD8� T cells over total CD8� T cells is displayed in the right upper quadrant. Sustained elevation in the frequency
of MART1-tetramer� T cells in the peripheral blood to at least day 14 (1.02 vs. �0.05%) is observed when low-dose IL-2 is given (INFUSION #2) compared with
infusion of T cells when no IL-2 is given (INFUSION #1).

Fig. 4. Analysis of T cell infiltrate from tumor nodule harvested from patient
1017-2 after infusion of MART1-specific CD8� T cell clones. Percentage of
infused clone (tetramer�, CD8� T cells) among all CD8� T cells is displayed in
the upper right quadrant. Significant infiltrate comprised of MART1-specific
CD8� T cells is seen in postinfusion tumor nodule (37.7%; A) compared with
preinfusion nodule (0.0%; B) and postinfusion peripheral blood (0.8%; C)
demonstrating preferential localization of infused clones to tumor site. Less
than 0.2% of CD8 T cells in tumor nodule stain with an irrelevant tetramer
(tyrosinase-peptide tetramer; D).
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In three of the five patients studied, preinfusion tumor im-
munostaining demonstrated moderately intense expression of all
three antigens (gp100, tyrosinase, and MART1), but the postin-
fusion relapsing or residual nodules revealed selective loss of the
targeted antigen. A representative case is presented in Fig. 6. In
patient 1017-2, the preinfusion core biopsy demonstrated ex-
pression of gp100, tyrosinase, and MART1. A repeat core biopsy
of recurrent chest wall tumor obtained 3 wk after the final T cell
infusion demonstrated selective loss of MART1 expression with
retained expression of gp100 and tyrosinase. HLA-A2 expres-
sion, as determined by flow cytometric staining of single cell
suspensions, in all postinfusion tumor specimens (including
those without evidence of antigen-loss tumor variants), was also
preserved, demonstrating that immune escape was not due to
loss of the restricting HLA allele.

Discussion
Adoptive therapy using ex vivo expanded T cell clones provides a
means of treating patients with cancer by augmenting the antigen-
specific immune response. This phase I study represents a demon-
stration that, after adoptive transfer, autologous antigen-specific
CD8� T cell clones targeting tumor-associated self proteins retain
IL-2 responsiveness in vivo, traffic to tumor sites, and effect a
clinical response in patients with advanced disease. In this study, T
cells recognizing the tumor-associated melanoma antigens

MART-1 and gp100 consistently attained frequencies of between
0.5% and 2.2% (of all CD8 T cells) after adoptive therapy. By
comparison, peptide-based vaccine strategies generally achieved
maximal frequencies of between 0 and 0.3% (18–20). In contrast to
vaccine studies, where the magnitude and tumor avidity of the
induced T cell response can be unpredictable, in adoptive T cell
therapy, T cell clones can be selected on the basis of tumor-
reactivity and a uniform population of T cells expanded ex vivo to
desired magnitude (up to several billion in number) as shown in this
study and others (21). Despite high frequencies of high avidity
MART1 and gp100-specific CTLs in the peripheral blood, no
serious toxicity was elicited in any patient after adoptive therapy.

In this study, the in vivo persistence of transferred CD8� CTLs
was prolonged by low-dose IL-2. In contrast to tumor-infiltrating
lymphocyte (TIL) or lymphokine-activated killer cell (LAK) ther-
apy, in which pharmacologic doses of IL-2 (up to 120 times higher)
have been required to support the growth of infused cells, trans-
ferred antigen-specific CD8� T cell clones used in this study
respond to the lowest doses of IL-2 administered (0.5 million
units�m2�day), thus avoiding serious toxicities associated with
high-dose IL–2, such as vascular leak syndrome (22). Additionally,
the use of peptide MHC tetramers in this study to track antigen-
specific T cells allowed us to document preferential accumulation
of antigen-specific T cells at tumor sites and to confirm the identity
of these infiltrating cells as the infused clones based on their
clone-specific CDR3 regions, in contrast to previous studies of
vaccine-based therapies, where lymphocytic infiltration has been
observed but the antigen-specificity of infiltrating cells was not
well-defined (20, 23).

In part, the effectiveness of adoptive therapy as a treatment
strategy may depend on generating and administering antigen-
specific T cells in ways that mimic physiologic conditions to
preserve normal function. In this study, antigen-specific T cell
clones generated in vitro by cyclical stimulation with autologous
dendritic cells and very low dose IL-2 retain responsiveness to
low-dose IL-2 in vivo and the capacity to traffic to tumor sites.
By contrast, two recent studies, using T cells generated by using
xenogeneic stimulators (24) or exposed to pharmacologic doses
of IL-2 (25), failed to demonstrate in vivo persistence or pref-
erential localization of T cells to tumor sites (24, 25).

Historically, patients with progressive refractory metastatic dis-
ease experience a median survival of 4 mo or less (26). In this study,
adoptive T cell therapy resulting in minor, mixed, or stable re-
sponses, for an average response duration of 11 mo, and as long as
21 mo, provides potential evidence of significant antitumor effects
and meaningful clinical responses (27). Although infused T cells
were not detectable in the peripheral blood by day 21, effector
memory T cells have been shown to reside in extravascular sites (28,
29) where they may provide continued immunoprotection.

The appearance of antigen-loss variants has been sporadically
reported (17, 20, 23, 30). In our study, a greater prevalence of this
finding (in three of five patients studied) may have been due to
the consistently high frequencies of tumor-reactive CD8� CTLs
achieved in all patients. These results demonstrating selective
loss of the targeted antigen with continued expression of other
melanosomal antigens suggest that expression of these proteins
is not necessarily linked and support the rationale for directing
therapy against multiple target antigens simultaneously.

In summary, detailed immunologic and clinical monitoring in
a trial of adoptive T cell therapy has demonstrated that infused
T cell clones targeting melanoma-associated antigens is safe, and
that such clones persist in vivo, respond to very low-dose IL-2,
traffic to tumor sites, mediate antigen-specific immunity, and can
result in favorable clinical responses. Whereas the results of this
study support the use of adoptively transferred T cells as a
strategy for the treatment of melanoma, they also elucidate
potential obstacles to more effective therapy and may be used to
establish requirements for antigen-specific immunotherapy in

Fig. 5. Radiographic response in metastatic lesions after adoptive T cell
therapy. Two peripheral pulmonary nodules in the left lower lobe present
pre-T cell therapy in patient 1017-6 are absent after the fourth infusion of
MART1-specific T cell clones (A). However, a new 1� cm nodule appears more
in the lobe during this interval, demonstrating a mixed response to therapy.
In patient 1017-2 (B), partial resolution of paratracheal adenopathy is ob-
served after the fourth infusion of MART1-specific T cells.

Fig. 6. Immunohistochemical analysis of antigen expression in preinfusion
tumor and recurrent postinfusion tumor nodule appearing after MART1-specific
T cell therapy. Gp100, tyrosinase, and MART1 expression are seen in the tumor
sample preinfusion. Selective loss of MART1 expression is seen in postinfusion
tumor cells, demonstrating the outgrowth of antigen-loss tumor variant.
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general by defining the desired response quantitatively and
validating the safety and efficacy of targeting potential tumor
rejection antigens.
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